The aerial parts of Thymus guyonii were hydrodistilled in a Clevenger type apparatus and analyzed by GC and GC-MS. 26 components were identified representing 99.8%, with carvacrol (55.6%), thymol (21.2%), o-cymene (9.7%) and δ-terpinene (5.7%) as the major components. T. guyonii essential oil exhibited a good bactericidal effect (MBC/MIC ratio = 2) against all the tested pathogenic bacteria. The essential oil lacks antiviral activity towards coxsackievirus B3 however it showed a good DPPH radical scavenging at 0.5 and 5 mg/mL test-concentrations (15.5±1.2% and 44.3±1.95%, respectively). The essential oil exhibited a proliferation inhibition of Human colorectal cell line HT-29 (30.4±3.4%) at 50 µg/mL test-concentration.
Thymus with about 928 species is a significant genus and the essential oils chemical composition of some of them was studied for a long time. Most aspects of medicinal use of Thymus spp. are related to their essential oil composition, which shows various levels of thymol and/or carvacrol. Essential oils of several thyme species are investigated for their antibacterial, antifungal, antioxidant, antiproliferative, antiviral and acaricidal properties [1a-1i] . Thymus is the most widely used medicinal plant in Algerian and Moroccan folk medicine for its expectorant, antitussive, antibroncholitic, antispasmodic, anthelmintic, carminative and diuretic properties [2] . Considering the popular use of these endemic plants to relieve some pains and in continuation of our works on Algerian Thymus essential oils [3a-3e] we focused in this report on investigating the chemical composition with chemotype determination and the in vitro antibacterial, antiviral, antioxidant and antiproliferative activities of the essential oil of the endemic species T. guyonii De Noe growing at M'sila (Eastern Algerian) and No works were devoted to the study of the complete biological profile of the essential oil of Thymus guyonii.
GC and GC/MS analysis of T. guyonii essential oil underlined four predominent compounds: carvacrol (55.6%), thymol (21.2%), ocymene (9.7%) and δ-terpinene (5.7%), among a total of 26 compounds representing 99.8% of the oil. Previous studies reported that T. guyonii essential oil, collected from Djelfa region at Haoues mountain (Central Algerian), was dominated by p-cymene (18.6%) and γ-terpinene (13%) while carvacrol (4.2%) and thymol (10.9%) were found in lower amounts than those of the present essential oil [1e]. On the other hand, T. guyonii essential oil collected from Zelfana-Province of Ghardaia (Algerian Septentrional Sahara) (Lehbili et al., 2013) [3d], were reported to contain carvacrol from May to July which explains the difference in the compositions. The in vitro antibacterial activity of T. guyonii was, qualitatively and quantitatively, assayed against eight pathogenic bacteria by evaluating the presence of inhibition zones and minimum inhibitory (MIC) and bactericid (MBC) concentrations values. The results are given in Tables 2 and 3 . Bacteria susceptibility of the essential oils, as determined by the well agar diffusion method, showed that the essential oil with the highest inhibitory effects produced inhibition zones with total diameter larger than 20 mm. Pseudomonas aeruginosa and enteropathogenic Escherichia coli were extremely inhibited (29.5 and 29 mm inhibition diameters, respectively).
The minimum inhibitory concentration (MIC, mg essential oil/mL medium), against eight bacteria, of the two essential oils are shown in Table 3 . The MIC values of the essential oil for bacterial strains were in the range of 0.16-2.56 mg/mL. The oil exhibited good bacteriostatic properties (MIC≤1.28 mg/mL) against seven strains tested. The lowest MIC value was against Staphylococcus aureus and Pseudomonas aeruginosa (0.16 mg/mL). The vulnerability degree of the eight tested bacterial strains, in decreasing order, towards T. guyonii essential oil, is as follows: Staphylococcus aureus = Pseudomonas aeruginosa > enteroaggregative Escherichia coli > enterohemorrhagic Escherichia coli = Enterococcus faecalis > enteropathogenic Escherichia coli = enterotoxinogenic Escherichia coli > enteroinvasive Escherichia coli (SA = PA > EAEC > EHEC = EF > EPEC = ETEC > EIEC). The MBC/MIC ratio was calculated and it is indefinite for essential oil with MBC superior to the test-concentration of 5.13 mg/mL. When the MBC/MIC ratio of a substance is lower or equal to 4, this substance is considered bactericidal whereas it is said bacteriostatic, if this ratio is upper to 4. Our results showed that T. guyonii essential oil possesses a good bactericidal effect (MBC/MIC ratio = 2) for the eight studied bacterial strains. Most of the bactericidal activity of T. guyonii essential oil appears to be explainable by the existence of carvacrol (55.6%) and thymol (21.2%). These results are in agreement with those reported by other researchers [4] .
T. guyonii essential oil reduced the DPPH radical at concentrations of 0.5 and 5 mg/mL (15.5±1.2% and 44.3±1.95%, respectively) by the use of Electron Spin Resonance (ESR) method [5] . The Djelfa T. guyonii essential oil, that was poor in thymol and carvacrol, revealed the poorest antioxidant in DPPH test [1e].
Before realizing the three antiviral assays, it was necessary, at first, to test the cytotoxicity test towards Vero cells for the essential oil and determine the cytotoxic concentration 50% (CC 50 ) corresponding to the concentration of essential oil giving 50% of Vero cells lysis. Once determined, this CC 50 will thus be avoided when this essential oil is tested towards the coxsackievirus B3 using Vero cells as substrate. According to the American National Cancer Institute, the threshold of significance for crude extracts is inhibitory concentration 50 (IC 50 ) < 30 μg/mL [6] . In this way, the cytotoxic concentration 50% of T. guyonii essential oil towards the Vero cells, is on the limit of the threshold cytotoxity (CC 50 = 30.3 µg/mL) and it could be thus considered as not cytotoxic [7] . T. guyonii essential oil lack antiviral activity towards coxsackievirus B3. Thymus essential oil showed a weak antiproliferative potential, towards HT-29 cells (30.4±3.4% inhibition). 
Experimental

GC/FID:
The essential oil was analysed on a Shimadzu gas chromatograph Model GC2010, equipped whith a DB5 MS column (30m × 0.25mm; film thickness 0.25µm), programming from 50°C (5 min) to 300°C at 5°C/mn, 5 min hold. Hydrogen as carrier gas (1.0 mL/min); injection in split mode (1: 60); injector and detector temperature, 280 and 300°C respectively. The essential oil was diluted in hexane: 1/30.
Gas Chromatography-Mass Spectrometry analysis (GC/MS):
The essential oil was analysed on a Shimadzu gas chromatograph Model GC2010 coupled to a Shimadzu MS model QP2010, equipped with a DB5 MS column (30m × 0.25mm; film thickness 0.25µm), programming from 50°C (5 min) to 300°C at 5°C/mn, 5 min hold. Helium as carrier gas (1.0 mL/min); injection in split mode (1: 30); injector and detector temperature, 250 and 280°C respectively. The MS working in electron impact mode at 70 eV; electron multiplier, 2500 V; ion source temperature, 180°C; mass spectra data were acquired in the scan mode in m/z range 33-450.
Identification of components:
Essential oil components were identified based on their retention indices (determined with reference to a homologous series of normal alkanes), and by comparison of their mass spectral fragmentation patterns with those reported in the literature [8, 9] ) and with authentic compounds.
Antibacterial activity: Thymus guyonii essential oil was screened for antibacterial activity using the well agar diffusion method. The minimum inhibitory and bactericid concentrations were determined when the essential oil exhibited an activity towards test-bacterial strains. ). The antibiotics ceftazidime 30µg, cefamandole 30µg, amoxicillin+clavulanic acid 20/10µg and gentamycin 500µg (10UI), were used as positive reference antibacterial agents. The assays were done in duplicate. The sensitivity to the individual oils was classified by the diameter of the inhibition zones [10] .
MIC and MBC determination:
The minimal inhibitory concentration, preventing visible bacterial growth, was measured by the broth dilution method (microdilution using 96-well microplates). Thymus essential oil was prepared by dissolution in 10% DMSO (dimethyl sulfoxide). The concentrations ranged from 0.01 to 5.13 mg/mL. The MIC of each essential oil was defined as the lowest concentration which inhibited bacterial growth, after incubation at 37°C during 18-24 hours. The minimal bactericidal concentration was determined by subculture on blood agar at 37°C during 18-24 hours. MBC corresponds to the lowest concentration of essential oil which destroys 99.9 % of the bacterial inoculum.
DPPH radical scavenging activity:
The potential antioxidant activity of the oil was assessed on the basis of the scavenging activity of the stable DPPH free radical using ESR spectroscopy [5] .
Determination of cytotoxicity
Cell line, cell culture and treatment: Vero non-tumoural cell line (ATCC CCL-81), Africain green monkey kidney cells, was grown in RPMI 1640 without L-Glutamine medium supplemented with 10% fetal calf serum; 1% not essential amino acids (2mM Lglutamine); 1% bicarbonates of sodium and 1% of antibiotics (100 U/mL penicillin and 100 μg/mL streptomycin). Cells were seeded at 10 5 cells/mL and cultures were maintained in a humidified atmosphere with 5% CO 2 at 37°C. Cell viability was determined by the Trypan blue dye exclusion method. (CC 50 ) value was calculated from the plot of inhibition against concentration.
Cytotoxicity assay: The cytotoxicity of T. guyonii essential oil against Vero non-tumoural cell line was determined by MTT colorimetric assay, as described in the literature [6] . The cytotoxic concentration 50% (CC 50 ) value was calculated from the plot of inhibition against concentration.
Antiviral assays: Three types of antiviral tests were realized, in which various essential oil concentrations are tested on Vero cells infected by coxsackievirus B3 viral suspension, using 96-well microplates. The test-concentrations of every essential oil correspond to those giving a cellular viability percentage between 90 and 100 % in the cellular cytotoxicity test towards Vero cells [6] .
Antiproliferative activity test
Cell line, cell culture and treatment: Human colorectal cell line HT-29 were purchased from American Type Culture Collection (LGC Standards, Middlesex, UK). Cells were seeded at 3×10 4 /cm 2 and grown in DMEM supplemented with 10% fetal calf serum, 100 U/mL penicillin and 100 μg/mL streptomycin. Cultures were maintained in a humidified atmosphere with 5% CO 2 at 37°C. Cell viability was determined by the Trypan blue dye exclusion method.
Cell proliferation assay:
To evaluate the effect of the T. guyonii essential oil on HT-29 cells, the MTT colorimetric assay was performed as described in the literature [7] . The inhibition concentration 50% (IC 50 ) value was calculated from the plot of inhibition against concentration.
